Two bis(oxo-bis(3-ferrocenoylpropionatodialkyltin(IV)))s, IILA (R= butyl) and IIIB(R = octyl) were synthesized and characterized by IR and NMR ('Η, 1 C, 119 Sn). The results of an X-ray structural determination show that IILA is a dimer of oxo-bis[3-ferrocenoylpropionatodibutyltin(IV)]. Two Sn 2 0 2 quadrilateral units are linked together in the dimer through the Sn-0 bonds forming a nearly planar tortuous ladder-shaped skeleton. Both endo-and exo-cyclic oxygen atoms are μ3-bridging. There are two types of tin atom, one is bridging (endo-cyclic) and has a coordination geometry of a bicapped trigonal bipyramid, the other is exo-cyclic and has a coordination geometry of a monocapped trigonal bipyramid. Two kinds cf anisobidentate bridging carboxylates coordinate pairwise to different tin atoms.
Introduction
The structure and properties of dialkyltin compounds attracted much attention in the recent years. The structure of these compounds is usually quite complicated and flexible. Compounds with general formula {[R 2 Sn(OOCR')] 2 C)} 2 in the crystalline state may adopt one of five possible structures [1] [2] [3] [4] [5] . The real structure depends on the type of carboxylic acid [2, 3, 6, 7, 8] , the type, number and position of donor atoms in the acid [9] [10] [11] , and the alkyl groups [12, 13] , We synthesized the dialkyltin ferrocenecarboxylates IA (alkyl = butyl), IB (alkyl = octyl) [14] , and confirmed that molecule IA had a planar tortuous ladder-shaped Sn 4 0 4 core. The four substituted Cp rings connected to the Sn 4 0 4 core form a larger layer skeleton [15] . If the weaker interaction between Sn and Ο is ignored, their structure contains four monodentate carboxylate ligands. So they belong to a new type and can be viewed as the limit of type B [l,2] , very similar to [(Me2Sn02C6H 4 -p-NH 2 )20]2 [16] . The bridged tin atoms adopt a pseudo-seven coordinated, bicapped trigonal bipyramidal structure and the other tin atoms adopt a pseudo-six coordinated, bicapped tetrahedral structure. This paper reports preparation as well as IR and NMR spectroscopic characterization of the dimeric bis[3-ferrocenoylpropionatodialkyltin(IV)] (IIIA, alkyl = η-butyl and HIB, alkyl = n-octyl), as well as the crystallographic structure of IIIA.
Experimental Section 2.1 Materials and Methods
Ferrocene was sublimed before use. Succinic anhydride, dibutyltin oxide, dioctyltin oxide, anhydrous aluminum chloride and all solvents were analytically pure.
Elemental analyses (C and H) were performed on a Carlo Erba 1106 elemental analyzer. Infrared spectra were recorded as KBr discs on a Perkin-Elmer FT-IR 1600 spectrophotometer. The 'H, , 3 C NMR spectra were recorded on Bruker ACP-200 or AM-500 spectrometers and 1 Sn NMR spectra on a JEOL FX-90Q instrument. The chemical shifts were measured relative to internal (CH 3 ) 4 Si for *H and 13 C and to external (n-Bu) 4 Sn (-6.6ppm) for 119 Sn NMR, respectively. The melting points were measured with a melting point apparatus with a microscope.
Synthesis
FCCOCH2CH2COOH (III) was prepared by the reaction of ferrocene with succinic anhydride in CH2CI2 with anhydrous AICI3 as a catalyst, and subsequent hydrolysis [17, 18] . Compounds IIIA and IIIB were obtained by refluxing equimolar quantity of III and dialkyl (η-butyl or n-octyl) tin oxide in a dry benzeneethanol mixture (3:1, v/v) with azeotropic removal of water at 110°C for -4 hours, and then filtration and removal of the solvent.
X ray crystallography of IIIA
A crystal of IIIA was grown up from benzene-ethanol (1:1, v/v). Data collection for a 0.40x0.30x0.20mm crystal of IIIA was performed on a RIGAKU AFC6 diffractometer fitted with highly Vol. 22, No. 8, 1999 Synthesis Spectroscopic and Structural Studies of Bis{Oxo-Bis} 
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oriented graphite-monochromated Mo Κα radiation, λ=71.073 pm at ambient temperature of 296 K. 8188 reflections were collected by the ω-2θ scan technique in the range 1.52° < θ < 24.0(Ρ (index range: -16 < h < 16, 0 < k < 18, -13 < 1 < 12) with a scan speed of 8° min" 1 . Among them 5979 reflections were independent ones.
The structure was solved by direct methods (by using a Siemens SHELXL 86 System) and refined by a full-matrix least-squares procedure (by using SHELXL 93 and SHELXL 97). All Fe, Sn, O, C atoms were refined with anisotropic temperature factors except the C atoms of alkyl groups. Due to the flexibility of the butyl chains, there were two conformations for the butyl groups composed of C41-C44 (C41a~C44a), cf which C42, C43 (C42a, C43a) were assigned the half occupancies according to the results of refinement for their occupancy factors. The Η atoms were not included in the final refinement. The semi-empirical method was employed for the absorption corrections.
Results and Discussion

Elemental Analysis
The results of element analysis are listed bellow: for IIIA C 50.26 % (calc. 50.23), Η 5.85 % (calc. 5.94) and for HIB C 56.42 % (calc.56.46), Η 7.24% (calc.7.42). The C and Η contents in these compounds are in good agreement with the formula (FcC0(CH 2 ) 2 C00SnR 2 ) 2 0. They are a Fc:Sn (1:1) compound.
Physical Properties
IIIA was obtained as a dark-red cubic crystalline material, m.p. 156~158°C and HIB as an amorphous solid. The latter turned into dark-red, radiate wheel-shaped microcrystals after removal of the solvent by gradual evaporation, m.p. 69.5~70.5°C. The color of both IIIA and IIIB in fine powdery state is orangeyellow.
The solubility of IIIA and IIIB in various solvents was estimated by cursory solubility examination. They are slightly soluble in water, l~2mg/ml in C 2 H 5 OH, CH 3 CN, (CH 3 ) 2 0, and acetone (except -50 mg/ml in acetone for IIIB), and 200~300mg/ml in CHCh, CH 3 COOC 2 H 5 , C 6 H 5 CH 3 , C 6 H 6 , and CC1 4 (except -50 mg/ml in CHt for IIIA). In general the solubility of IIIB is higher than that of IIIA. However, IIIA and IIIB are unstable in (CH 3 ) 2 SO and their solutions become pale browny gradually and turbid up to black.
Analysis of Spectroscopy
IR
Some of the IR däa ofthe synthesized title compounds and their parent carboxylic acid are given in Table 1 . Table 1 The broad absorption bands V 0 H at 2400 -3550 cm" 1 (strong) and 5OH at 930~940cm"' (medium), characteristic for hydrogen bonded acids, of the parent compound III disappear in the IR spectra of its derivatives IIIA and IIIB. It indicates that the carboxylic groups have been deprotonated and coordinated to Sn.
The strong and sharp absorption bands of the C-H stretch vibration v a s(C-H), v s (C-H) at 2850~2980cm"' confirm the existence of alkyltin groups, and the new bands appeared between 600 and 684cm" 1 are evidence for the presence of Sn-0 bonds [ 12, [19] [20] [21] [22] . The facts that the stretch vibration ν as (COO) shift downward for tens of cm" 1 and the absorption bands of v as (COO), ν (CO), v s (COO) broaden and split into two or more peaks in the title compounds in comparison with their parent acid imply the ligation of the COO groups to the Sn atoms in different ways. It also indicates that the tin atoms in the same molecule locate in nonequivalent positions.
NMR
According to the chemical shifts and relative integration values of the CH 3 , CH 2 and CH signals in ] H NMR spectra, it is easily seen that IIIA, IIIB are l:l(Fc : Sn) compounds. The 'H NMR data for III, IIIA and IIIB are listed in Table 2 . In both IIIA and IIIB the chemical shifts of H(l) attached to C(l), which directly bind to the tin atoms in the alkyl groups, is 0.2 ppm upfield as compared with that of H(2) and the chemical shifts of their H(a) and Η(β) are 0.1-0.2 ppm more upfield than in the parent acid III. The resonances of H(l), H(2), H(a) andH(ß) are broad. The terminal methyl hydrogens of IIIA appears as a quintet, suggesting that there are two methyl triplets partially overlapping each other. Their difference in chemical shift is 0.03 ppm. The H(3) signal in IIIA is a complex pattern due to the feet tha the alkyl chains in IDA or ΠΒ are located in different chemical suiroundings. This is father confirmed by their 13 C{'H}^JMR spectra.. The detailed "Cf'HJ-NMR data are listed in Table 3 . Each carbon atom of an alkyl chain, except its terminal methyl group, appears as two lines, the largest difference in their chemical shifts (2.05 ppm for IIIA, and 1.76 ppm for HIB) being observed for their C(l) methylenes. As the carbon atom gets farther and farther along the chain from tin atom, the differences get smaller and smaller. For the terminal methyl group, the difference becomes zero. The 1 C peaks of CI and Ca are also broadened to some extent. It is woithileto note that the carboxyl C not only has a higher (-4.6 ppm) chemical shift, but is also broader as compared with that in III. This phenomenon may be accounted for by the existence of a dynamic equilibrium on the NMR time scale between different coordination states for the COO group. However, no difference was found between III and IIIA in chemical shift and peak width for the ketonic oxygen adjacent to Fc. This observation leads us to conclude that only the oxygen atoms of the carboxyl group bind to tin atom(s) and that the ketonic oxygen atoms do not coordinate to any tin atom at all. " Sn{ H} NMR spectra show that there are two kinds of tin atoms, a broader one possessing a greater upfield chemical shifts, δ-207.5ppm(IIIA), 6-208.8ppm(IIIB), and another one possessing a smaller downfield chemical shifts, δ -196.0ppm (IIIA), . This suggests that they are in different coordination status and geometry. The nonequivalence of tin atoms in IIIA leads the alkyl chains in SnR 2 groups to have different chemical environments. Based on the relationship between the ,9 Sn chemical shift and the coordination number for tin [22, 23] and the line width [24] , the higher upfield resonance signals are assigned to highercoordinated endo-cyclic tin and the lower upfield resonance signals, to the lower-coordinated exo-cyclic tin. The coupling and satellite signals about "J (Sn,Sn), "J (H,Sn), "J (C,Sn) could not be observed
X ray structure analysis
The crystal diffraction analysis showed the empirical formula of IIIA to be C Figure 1 . The packing view along direction a is given in Figure 2 . The fractional atomic coordinates are listed in Table 4 . Selected bond lengths and bond angles are given in Table 5 .
IIIA is a centro-symmetric dimer. Its symmetry center is both the center of the Snl-Ol-Snla-Ola parallelogram and the crystallographic inversion center. In IIIA there are two Sn 2 0 2 quadrilaterals fused the central parallelogram by sharing edges Snl-Ol and Snla-Ola, forming a nearly planar tortuous ladder-shaped skeleton. In the skeleton both the endocyclic and exo-cyclic oxygen atoms are μ3-bridging.
There are two types of tin atom, the endo-cyclic (bridging) tin atoms Snl and Snla, and the exo-cyclic (sideward) tin atoms Sn2 and Sn2a. The former have five near neighboring atoms, Ol, Ola, 02, C37, and C41 for Snl, and Ol, Ola, 02, C37a, and C41a for Snla. The distances between the tin atom and these neighboring atoms are all within normal Sn-O and Sn-C bond lengths. However, there are two additional oxygen atoms, 03a and 06 for Snl, 03 and 06a for Snla, located more away from tin. Although the Snl03a (326.95 pm) and Snl-06 (319.88 pm) distances are remarkably longer than normal Sn-0 bond lengths, they are still shorter than the sum of van der Waals' radii, r vdw (Sn-0)= 368 pm [25] . In compound IILA, the bond angles 02-Snl-01 (73.47°), Ol-Snl-Ola (75.15°), and 02-Snl-01a (148.615°) are markedly smaller than 90°, 90°, and 180° respectively, while the equatorial bond angle C37-Snl-C41 is expanded to 144.184°, as seen from Fig. 3(a) and Table 5 . All of these deviations from an ideal TBP support the existence of a weakly bonding interaction between Snl and 03a or 06. Thus the coordination number of Snl in compound IIIA may be regarded as five in a classical sense, or as seven in a more generalized sense. Accordingly, its coordination polyhedron may be viewed as a distorted trigonal bipyramid (TBP) or as a bicapped distorted TBP. ( 5) (5) 1.07 0(1 ) 0 8687 7) 1.23 1(1) 0. 163(6) C (6) 1.12 15(7) 0 6935 6) 1.3530(9) 0. 1 1 6(4) C (7) 1.0281(9) 0 6833 6) 1.3764(9) 0. 11 7(4) C (8) 0.95 12(7) 0 64 31 6) 1.2576 ( 7) 0.097(3) C (9) 0.9981(6) 0 6327 5) 1. 16 59 ( 7) 0.087(3) C (10) 1. 1029( 7) 0 6638 6) 1.2194 (8) 0. 107(4) C ( 11) 0.21 82(8) 0 9965 6) 1.0867(9) 0. 12 1(4) C (12) 0.2194 (7) 1 0595 6) 1.02 89(9) 0. 106(4) C ( 13) 0.2802 (6) 1 03 73 5 Jiaxun Tao et αϊ. The coordination polyhedron of Sn2 in IIIA is shown as Fig.3(b) . This structure differs a little from the analogous tin atoms in compound IA whose coordination polyhedron is a bicapped tetrahedron. This difference may be attributed to the shorter Sn2-02 bond length, 26 pm shorter than that in IA.
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Main Group Metal Chemistry
The four carboxylate groups in IIIA can be divided into two sets. The first type of carboxylates has a tricoordinated oxygen atom spanning both to endo-and exo-cyclic tin atoms and sitting at one corner of the
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ladder-shaped skeleton and the other oxygen atom by weak interaction (longer distance 319.88pm) along with the former as an anisobidentate ligand chelating to the endo-cyclic tin. The second type of carboxylates chelates to an exo-cyclic tin atom by an anisobidentate mode, forming a four-membered chelate ring. While its ester oxygen atom simultaneously very weakly coordinates to an endo-cyclic tin atom via longer distance 326.95pm. The Cp rings in the same ferrocenyl group are eclipsed and parallel to each other, with dihedral angles of ca.l°. The Cp rings in different ferrocenyl groups are no longer parallel to each other, the dihedral angles being ca. 75.3°.
The central 8η 4 μ3θ 2 skeleton is nearly coplanar. When fitting the atoms Snl, Snla, Sn2, Sn2a, 01-04, 06, 01a-04a, 06a, C23, C24, C27, C28, C23a, C24a, C27a, and C28a, we can produce a least squares plane of the (P5). These atoms are nearly coplanar within ±6.78pm. So the plane of the central 8η 4 μ3θ 2 skeleton of IILA is expanding to the carboxylic α-carbon atoms (C23, C23a, C27, C27a). However the dihedral angles between the P5 and the substituted Cp rings that are connected to the carboxyl groups coordinating to the exocyclic tin (C16-C20 or C16a-C20a) and to endocyclic tin (C6-C10 or C6a-C10a) are -68.5° and -96.1°, respectively. So the two conjugate systems, CpCO and COO, are not conjugated to one another and are not coplanar. This differs from compound IA.
In summary, compounds IILA and HIB have two types of distorted trigonal bipyramidal coordination modes around tin. The central Sn 2 0 2 plane basically expands to the α-carbon atoms of the carboxyl groups. The Cp rings are not coplanar with the central Sn 2 0 2 plane. The ketonic oxygen atoms (05, 07, 05a, 07a), that are potentially coordinating atoms, do not participate to coordination to tin.
